Copper toxicosis was diagnosed in 7 veal calves, 10-16 weeks old, from 5 separate farms. All calves died without specific clinical signs, although 4 of the calves were icteric. The calves' dietary rations had been supplemented with various copper-containing hematinics. Peritoneal hemorrhage was reported at postmortem in 2 calves. Microscopic evidence of hepatopathy consisted of hepatocellular degeneration and necrosis, hemorrhage, and fibrosis. Concentrations of copper in livers from intoxicated calves ranged from 277 to 684 ppm and in kidneys from 1.1 to 82.0 ppm. The extent and severity of lesions in livers appeared to correlate with concentrations of copper. Nephrosis was minimal, without evidence of hemoglobinuria.
Copper (Cu) is a nutritionally essential mineral, but it is toxic, especially to the liver, when it accumulates in excessive amounts. Naturally occurring Cu toxicosis has been reported in many animal species but most frequently in sheep. 1, 4, 5, 7, 8, 12, 14, 15 Cu toxicosis usually occurs as a result of dietary mineral imbalances or endogenous defects in hepatocellular metabolism of Cu. Sheep are particularly sensitive to Cu toxicosis, which may occur when their diet contains an excessive amount of Cu or a low ratio of molybdenum (MO) to Cu. 13 The characteristic pathologic features of Cu toxicosis in sheep are extensive hepatic necrosis, intravascular hemolysis, and hemoglobinuric nephrosis. In other species, the signs and lesions of Cu toxicosis are more variable and usually less dramatic. 11 The mechanism of Cu toxicosis has been related to oxidative damage, which causes lipid peroxidation of membranes in hepatocytes and hemoglobin denaturation in erythrocytes. 6 Dietary Cu, absorbed from the gastrointestinal tract, is transported to the liver bound to albumin (cuprous copper) or incorporated into ceruloplasmin (cupric copper). With excessive and prolonged dietary supplementation or defects in Cu metabolism, Cu accumulates within lysosomes of hepatocytes. The added oxidant stress of excessive Cu accumulation hastens glutathione depletion. 6 Hepatic lesions are progressive in humans with Wilson's disease and Bedlington Terriers with hereditary Cu-storage disease. 3 This progression typically begins with hepatic lipidosis and has an intermediate stage of acute hepatitis, a later stage of chronic-active hepatitis, and a final stage of cirrhosis. In sheep, sudden release of stored Cu is associated with extensive hepatocellular necrosis, especially in periacinar areas (zone 3). 9 The excessive Cu is also released into the blood where it causes oxidant damage to hemoglobin, with formation of methemoglobin and Heinz bodies. Intravascular lysis of damaged erthrocytes leads to acute hemolytic anemia with subsequent hemoglobinuric nephrosis. These remarkable effects of Cu toxicosis in sheep have not been reported in the few cases of Cu toxicosis in calves.
This report describes the clinical, pathologic, and toxicologic features of Cu toxicosis in 7 veal calves.
Materials and methods
Clinical histories, summaries of gross postmortem findings, and tissues from 7 veal calves suspected of Cu toxicosis were supplied by veterinary practitioners to the Indiana Animal Disease Diagnostic Laboratory at Purdue University. Routine histopathology was performed on formalin-fixed hematoxylin and eosin (HE)-stained sections from 4 of the calves. Additional sections of liver were stained with rubeanic acid for Cu. Fresh-frozen specimens of liver from all 7 calves and kidney from 4 calves were analyzed for Cu by atomic absorption spectroscopy.
Results
The 7 veal calves, 10-16 weeks old, with suspected Cu toxicosis were from 5 farms. Body weights were not provided; however according to the submitting veterinarians, calves were generally of normal stature but were dehydrated and had lost weight. Six calves died without overt clinical signs. One calf was anoretic and had diarrhea the day prior to death. None of the calves had been treated. At necropsy, 4 calves were icteric and 2 of these calves also had peritoneal hemorrhage.
Hepatopathy was evident in the livers of all 4 calves available for histopathology ( Table 1 ). The extent and severity of hepatopathy varied among calves but generally correlated with hepatic Cu concentration. All infiltration by neutrophils, lymphocytes, and macro- phages (Figs. 1, 2) . Submassive periacinar necrosis obliterated much of the parenchyma in 2 calves (Fig.  3 ). Hepatocellular vacuolation, determined to be fatty degeneration by oil red 0 staining was a prominent nonspecific finding in the less affected livers (2/4) ( Fig.  4) . Although Cu-containing granules were seen in the cytoplasm of some periportal hepatocytes, in sections of liver stained with rubeanic acid, the correlation between the extent of staining for Cu and the Cu concentration as determined by atomic absorption was poor.
The concentrations of Cu ranged from 277 to 684 ppm in the livers (7 calves tested) and from 1.1 to 82.0 ppm in kidneys (4 calves tested). The kidneys of 2 calves had slight vacuolation of tubular epithelial cells.
Discussion
The diagnosis of Cu toxicosis in these calves was based on post mortem, microscopic lesions and elevated concentrations of Cu in the livers. Most calves (6/7) died without noticeable clinical signs. Lack of clinical signs has been previously reported in calves with Cu toxicosis. 11 Icterus, a common clinical sign of Cu toxicosis in sheep and calves, was reported in 4 of 7 calves. In sheep, icterus occurs as a result of hepatic necrosis and hemolytic anemia. No blood, serum, or urine from our calves was available for analysis, but hemoglobinuria, a consequence of intravascular hemolysis in sheep with Cu toxicosis, was not likely because referring veterinarians did not notice any darkcolored urine in affected calves and no hemoglobin casts were seen microscopically in sections of kidneys. Hemoglobinuric nephrosis was not reported in calves with experimentally induced Cu toxicosis. 1 Peritoneal hemorrhage seen in 2 calves has also been reported in calves with Cu toxicosis. 11 Hepatic degeneration and necrosis are typical of Cu toxicosis but are not specific. The livers from the 4 calves with tissues available for histopathology had various degrees of hepatocellular necrosis, and periportal fibrosis and inflammation. Periacinar necrosis may be exacerbated by hemolytic anemia in sheep. 7 It was not known if these calves were anemic. Periportal fibrosis is an indication of chronicity and is considered more common in cattle and dogs with Cu toxicosis than sheep. 11 The cause for the inflammation in portal tracts was not determined but may be a response to hepatocellular damage, and has been reported in dogs with chronic Cu toxicosis. 9 Rubeanic acid and rhodamine are histochemical stains specific for Cu. Although positively stained granules were seen in livers stained with rubeanic acid, a correlation between the degree of staining and either the analytically determined concentrations of Cu or lesions in the livers was poor. The degree of staining with rhodamine correlated with the Cu concentration in the liver of Bedlington Terrier dogs with inherited Cu toxicosis; 10,17 however, the concentrations of Cu in affected dogs were generally > 1,000 ppm.
In cattle, concentrations of Cu >250 ppm in the liver (wet weight) or > 10-15 ppm in the kidney are considered toxic. 13, 16 In our laboratory, the concentrations of hepatic Cu in unaffected veal calves are routinely 50-90 ppm. The lowest concentration of Cu in the livers of these 7 calves was 277 ppm. The kidneys from 3 of the 4 calves with kidneys available for Cu analysis had concentrations of Cu greater than 15 ppm. One calf with a toxic concentration of Cu in the liver (365 ppm) had only 1.1 ppm of Cu in the kidney.
The source of the excess Cu was not determined with certainty, but affected calves had been fed excess Cucontaining hematinics in the milk replacer. These rations were not available for analysis, but calves have developed Cu toxicosis when consuming milk replacer containing as little as 50-100 ppm CU. 7 There is some reservation about diagnosing Cu toxicosis in calves with hepatic concentrations of Cu in the low toxic range (200-300 ppm) because of other differential diagnostic possibilities. For example, ingestion of aflatoxin, aflatoxicin, or pyrrolizidine alkaloid, gossypol, or cocklebur can cause hepatocellular necrosis leading to periportal fibrosis and biliary hyperplasia 2,11 similar to that seen in our calves. Furthermore, subsequent bile stasis may lead to excessive accumulation of hepatic Cu, because bile is the principal route of excretion for CU. 2, 11 These toxicoses were considered unlikely because of the confinement of these veal calves.
The importance of this report is that adding Cu to veal calf rations may cause Cu toxicosis. The clinical signs and postmortem findings are not as dramatic as those commonly seen in sheep. Diagnosis requires determination of Cu concentration in frozen samples of liver and kidney, and is substantiated by histopathology on formalin-fixed liver.
